underwent stereotactic magnetic resonance imaging. Axial images were reconstructed into coronal and sagittal images by using GammaPlan software (Elekta Instruments). A single or multiple isocenter (range one-17) plan was used to construct a three-dimensional conformal radiation volume to match the tumor margin. All patients were treated on an outpatient basis.
Three patients required a second GKS treatment. Two had GCTs and one had a PNB. All three patients requiring a second treatment had two or more new sites treated, with only one patient requiring retreatment (partial) of the original site. All of them had large tumor volumes at presentation and one of them refused adjuvant therapy after GKS.
Results
Seventeen (85%) of 20 patients are alive, with a median survival of 30.4 months (range 0-85.7 months). Actuarial survival can be seen for the entire group in Fig. 1 . Three patients died. One 15-year-old girl with a GCT died of unrelated circumstances 2 years post-GKS. There was no evidence of her pineal tumor. Another patient with GCT who presented with panhypopituitarism and dementia was treated with craniotomy and debulking at another institution and this was followed by GKS. The treatment was regarded as palliative and he died 6 weeks later. The third patient who died had a PNB. She received craniospinal irradiation post- GKS followed by systemic chemotherapy and died 1 year later with meningeal carcinomatosis. Local control of the primary tumor had been established. One patient with a PNET received craniospinal radiation therapy after initial GKS followed by chemotherapy and is currently alive.
One 13-year-old girl who presented comatose due to extensive involvement from a GCT was treated with GKS and did not follow the recommendation of adjuvant management. She relapsed with multicentric tumors and was successfully retreated with GKS and chemotherapy. There is currently no evidence of pineal tumor. There were no complications from the GKS.
Discussion
The most common pineal tumor is the germinoma. tumors in the western hemisphere. 9 Similar to their systemic counterpart, central nervous system GCTs favor midline structures, predominantly the pineal and suprasellar area. Pathologically, central nervous system GCT can be divided into germinomas and nongerminomatous GCTs. The latter include teratoma, embryonal carcinoma, endodermal sinus tumors, and choriocarcinoma, all usually admixed rather than in pure form. 3 The advantages of GKS over conventional wide-field radiation therapy include single-fraction radiation, less radiation to normal tissues, rapid patient recovery, no bone marrow toxicity, and the patient can begin systemic chemotherapy management immediately after tissue diagnosis. Regarding the doses of radiation therapy, our mean dose was 11 Gy. This was found to be adequate to give excellent local control and compared with what is described in the literature on GCTs given 50 Gy over 5 weeks with a local control rate of 97%. 7, 11, 15 Germ cell tumors are exquisitely sensitive to chemotherapy either as an adjuvant and/or neoadjuvant; the advantages have been reported in the literature.
14 On the other hand nongerminomatous GCTs are radioresistant but highly sensitive to systemic management (Table 3) . 4 Although microsurgical techniques have significantly reduced the mortality rate in the management of pineal tumors to less than 2%, not all tumors can be totally resected. Radiosurgery has demonstrated in several studies its value in reducing and controlling pineal tumors. Unfortunately, these tumors are uncommon and it is difficult to amass a large series of patients from whom meaningful information can be obtained. There are many controversial issues regarding initial diagnosis and management. Our small retrospective series demonstrates the value of GKS for the management of these tumors, combined with conventional radiation and/or chemotherapy, depending on the tumor's histopathology. The importance of systemic chemotherapy is demonstrated by the data presented in Table 2 .
Conclusions
Although our series is small, it clearly demonstrates the important role of GKS for pineal region tumors. Gamma knife surgery seems to offer excellent local tumor control and minimal patient morbidity, allowing for the immediate use of systemic chemotherapy and/or conventional radiation as indicated. The use of GKS should be considered as an essential tool in the management of these unusual tumors along with chemotherapy in selected cases.
